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SPACE SHUTTLE ORBITER TRIMMED CENTER OF GRAVITY EXTENSION STUDY: 
VOLUME I - EFFECTS OF CONFIGURATION MODIFICATIONS ON THE 
AERODYNAMIC CHARACTERISTICS OF THE 140 A/B ORBITER 
AT MACH 10.3 
(LA-47) 
BY 
Peter  T. Bernot 
SUMMARY 
Long i tud ina l  and l a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s  a t  Mach 10.3 have 
been ob ta ined on a 0.010-scale model of the Rockwell I n t e r n a t i o n a l  140 A/B 
o r b i t e r  hav ing severa l  mod i f i ca t i ons .  These mod i f i ca t i ons ,  designed t o  extend 
t r i m  c a p a b i l i t y  a t  c e n t e r - o f - g r a v i t y  l oca t i ons  forward o f  the 65 percent  fuse- 
l age  S ta t i on ,  cons is ted  o f  t w o  forebodies,  two canard trimmers, and two body- 
wing f i l l e t s .  
a t  a Reynolds number o f  1.03 x 10 Elevon/ 
body f l a p  d e f l e c t i o n s  were -40°/-11.70 and 10°/16.3' f o r  t he  con f igu ra t i ons  
tes ted ;  speed brake d e f l e c t i o n  ang le  was a cons tan t  55'. 
was conducted i n  t h e  NASAILangley Continuous Flow Hypersonic Tunnel 
Data were ob ta ined over  an ang le-o f -a t tack  range o f  12' t o  36' 
6 based on body re fe rence length .  
Th is  i n v e s t i g a t i o n  
INTRODUCTION 
The current design values of the center-of-gravity ( c - g . )  locations for-the - 
shuttle o r b i t e r  range from 65 percent t o  67.5 percent of the body length. 
Payload planners have indicated the des i r ab i l i t y  of extending t h i s  
C 
c.g.  range approximately 5 percent i n  the forward direct ion t o  accommodate 
future  payload requirements. 
study has been undertaken a t  Langley Research Center t o  invest igate  the 
e f fec ts  of several modifications designed t o  extend trim capabi l i ty  to  more 
A t  the request of the Johnson Space Center, a 
forward c.g. locations.  In order t o  have a minimal impact on the shu t t l e  
program, these modifications were designed to  be adaptable t o  the present 
o rb i t e r  without seriously a1 ter ing the subsystems now fixed. 
T h i s  paper presents the s t a t i c  s t a b i l i t y  and control resu l t s  fo r  several 
modi#ied versions of the Rockwell International 140 A / B  o rb i te r  (0.010 scale)  
a t  a Mach number of 10.3 and a Reynolds number, based on body length, of 
1.03 x 10 . These modifications consisted of two forebodies incorporating 6 
nose cant (nose bent upward), two canard-type trimmers of varying s i ze ,  and 
two wing-body f i l l e t s  having larger  planform areas than the currently-designed 
f i l l e t .  
12' t o  36' a t  s ides l ip  angles of 0' and -5'. 
tes ted w i t h  elevon/body f l ap  deflections of -40°/-11 .7O and 10°/16.30 which 
Force and moment data were obtained over an angle-of-attack range of 
The modified versions were 
represented operational control l imi t s  associated w i t h  the forward and a f t  
c.g. locations, respectively. 
fo r  a l l  t e s t s .  
Flow Hypersonic Tunnel. 
A speed brake deflection of 55' was used 
This investigation was conducted i n  the Langley Continuous 
2 
SYMBOLS 
DATAMAN 
SYMBOL 
.I 
SYMBOL DEFINITION 
wing span b BREF 
- 
C LREF wing mean aerodynamic chord 
axial -force coef f ic ien t ,  Axial force 
qs CA cA 
Drag 
qs 
drag coeff ic ient ,  cD CD 
L i f t  l i f t  coeff ic ient ,  -
qs cL CL 
Roll i n g  moment 
qSb 
ro l l  i ng-moment coef f i ci ent , CBL 
C 
‘6 
DCBLDB rolling-moment coeff ic ient  der ivat ive,  w i t h  
respect t o  beta, per degree 
Pitching moment 
qs E pitching-moment coef f ic ien t ,  CLM 
CN 
‘m 
J normal -force coef f ic ien t ,  Normal force 
yawing-moment coef f ic ien t ,  
qs 
Yawing moment 
qSb 
cN 
n C CY N 
B ‘n 
DCYNDB yawi ng-moment coef f i c i ent deri v a t  i ve , w i  t h  
respect t o  beta, per degree 
Side force 
qs 
side-force coefficient , CY 
B 
DCY/DB side-force coefficient der ivat ive,  w i t h  
respect t o  beta, per degree 
FRL FRL fuselage reference 1 ine 
fusel age reference 1 ength 
1 i f t - d r a g  r a t i o  , C L / C D  
Mach number 
moment reference p o i n t  
dynamic pressure, ;2 pV 2 
Q 
5 M 
MRP 
q 
L 
3 
DATAMAN 
SYMBOL SYMBOL 
RN 
SREF 
Y 
'BF 
&e 
'SB 
P 
Z X0,YO y z o  
ALPHA 
BETA 
BDFLAP 
E LEVTR 
SPDBRK 
The Mach 10  nozzle o f  
DEFINITION 
Reynolds number based on body length 
t o t a l  wing planform area 
vel oci ty  
orb i te r  s ta t ion  numbers 
angle of a t tack,  degrees 
angle o f  s ides l ip ,  degrees 
body f l ap  deflection angle, posit ive 
with t r a i l i n g  edge dcwn, degrees 
elevon deflection angle, posit ive 
w i t h  t r a i l i n g  edge down, degrees 
spl i t  rudder f 1 a re  angl e 
w i t h  t ra i  1 i n g  edges outward degrees 
mass density of a i r  
posi t i  ve 
TEST FACILITY 
the Langley Continuclus-Flow Hypersonic Tunnel i s  
designed t o  operate a t  stagnation pressures o f  15 t o  150 atmospheres a t  
temperatures up t o  1089 K (1960 R ) .  
i t  through a multi-tube heater. 
section and incorporates a moveable second minimum. 
i s  achieved by passing the a i r  through a se r i e s  of compressors. 
information on this f a c i l i t y  i s  given in reference 1. 
Air i s  preheated e l ec t r i ca l ly  by passing 
The nozzle has a 0.78 m (31 i n . )  square t e s t  
Continuous operation 
Additional 
4 
MODELS 
o rb i t e r ,  was fabricated from a 
(See f i g .  l(a).) Component des 
B26 - fuselage 
C9 - canopy 
M7 - OMS pods 
F10 - body f l ap  
W116 - wing 
SO - wing-body f i l l e t  
E26 - elevon 
V8 - vert ical  t a i l  
R 5  - rudder I 
Each component i s  described in 
The baseline test  model, a 0.010-scale version of the RI-140 A/B 
uminum a t  the Langley Research Center. 
gnations of the baseline model are:  
I -  
the dimensional data sheets in table  I .  
Modifications t o  the baseline model consisted of two forebodies, two 
The modified forebodies, wing-body f i l l e t s ,  and  two canard-type trimmers. 
B2 and  B4 i n  f igures l ( b )  and l ( c ) ,  had increased nose cant (nose bent u p ) .  
The B2 forebody had the same planform as the baseline,but the B4 forebody 
was longer and wider. 
planform areas than the baseline f i l le t ,SO.  
a re  presented in f igure l ( d ) .  
The modified wing-body f i l l e t s ,  S1 and S2, had la rger  
Details of the modified f i l l e t s  
The canard trimmers, C3 and C4 ( f i g .  l ( e ) ) ,  
b respectively,  w i t h  a leading edge sweep angle of 55'. 
. 
5 
CONFIGURATIONS TESTED 
A t o t a l  o f  t e n  c o n f i g u r a t i o n s  were t e s t e d  which i nc luded  a base l i ne  
S i x  mod i f i ed  con f igu ra t i ons  were tes ted  t o  model o f  t he  140 A/B o r b i t e r .  
determine the i n d i v i d u a l  e f f e c t s  o f  forebodies B2 and B4; f i l l e t s  S 1  and 
S2; and canards C3 and C4. 
incorporated t h e  B2 forebody w i t h  the  S 2  f i l l e t ;  another combined the  82 
forebody w i t h  t h e  C 3  canard; and t h e  f i n a l  con f i gu ra t i on  represented the  
o r b i t e r  model w i t h  t h e  basel ine f i l l e t ,  SO, removed. Photographs o f  several  
t e s t  con f i gu ra t i cnsa re  presented i n  f i g u r e  2. 
O f  t h e  remaining t h r e e  con f igu ra t i ons ,  one 
A l l  con f i gu ra t i ons  were tes ted  w i t h  elevon/body f l a p  d e f l e c t i o n s  o f  
10°/16.30 and -40°/-11.70 w i t h  t h e  except ion o f  t he  f i n a l  c o n f i g u r a t i o n  
which was tested o n l y  w i t h  p o s i t i v e  d e f l e c t i o n  angles. Add i t i ona l  t e s t s  
a t  d t h e r  elevon/body f l a p  d e f l e c t i o n  angles were made on several  se lected 
con f igu ra t i ons  as i n d i c a t e d  i n  t a b l e  11. 
TESTS 
Tests were conducted a t  a s tagnat ion pressure of 5.17 MPa (750 p s i a )  
and an average s tagnat ion temperature o f  1006 K (1810 R ) .  
Mach number was 10.33 a t  a Reynolds number o f  1.03 x 10 
l eng th .  
and -5'. 
cooled, strain-gage balance (LaRC 2019-A) which was mounted on a 20' bent 
s t i n g .  During the  t e s t  program, the  balance f a i l e d  and was replaced by a 
s i m i l a r  balance (LaRC 2019-C). A l l  t e s t s  were made w i t h  a speed brake 
d e f l e c t i o n  of 55'. 
The free-stream 
based on fuselage 
The angle-of -at tack range was 12' t o  36' a t  s i d e s l i p  angles o f  0' 
6 
Model f o rces  and moments were measured by a six-component, water- 
Model base pressures were n o t  measured. The complete 
6 
test program is presented in table 11. This investigation was initiated 
in June 1974 and had a tunnel occupancy time of 32 hours, 
DATA REDUCTION 
Aerodynamic coefficients based on body and stability axes systems 
(fig. 3) were calculated using the following reference values: 
2 S = total wing planform area = .025 m (.2690 ft2) 
= wing mean aerodynamic chord = .121 rn (4.748 in) 
b = wing span = .238 m (9.367 in) 
All moment coefficients were referenced about the center-of-gravity 
located at 65 percent of reference body length which corresponds to a point 
0.213 rn (8.417 in) aft of the nose and .032 m (1.26 in) below the fuselage 
top surface. 
I 
Estimated inaccuracies in the body-axis coefficients are based on 
- + 0.5 percent of the design loads for the 2019 balances. These inaccuracies 
expressed in coefficient form for the test free-stream dynamic pressure of 
6890 N/m (1.0 psia) are: 2 
‘N - 
‘A - 
‘rn - 
+ .0090 
+ .0019 
+ .0019 
5 .0002 
+ .0004 ‘n - 
Cy 2 .0032 
7 
PRESENTATION OF RESULTS 
The l o n g  tudinal character is t ics  of the modified configurations a t  
0 
elevon/body-f a p  deflections of 10°/16.3 
f igures  4 t h r o u g h  9. 
included f o r  comparative purposes. 
control deflections a re  a lso presented fo r  the baseline o rb i t e r  ( f i g .  10) and 
two modified configurations, one having the C3 canard trimmer ( f i g .  11) and 
the other having the S 2  f i l l e t  ( f i g .  1 2 ) .  
and -40°/-11 . 7 O  are  presented i n  
Data on the baseline 140 A/B orb i t e r  model a r e  also 
Test resu l t s  obtained a t  intermediate 
The lateral-directional character is t ics  fo r  the various modified 
configurations a re  presented in figures 13 through 18 and include data f o r t h e  
baseline orb i te r  model. Tabulations of the measured coeff ic ients  
a r e  presented i n  the Appendix. 
I 
DISCUSSION OF RESULTS 
The effects  of the various modifications on the trim capabili ty fo r  
extended c.g. locations were determined for  an operational angle of a t tack 
of 30'. For the forward c.g. trim condition (6,/tiBF = -40 /-11.7'), a ACm 
margin of -0.02 was used to account fo r  any anomalies thst might occur with 
the controls s e t  a t  t he i r  maximum values. 
0 
For the a f t  c.g. trim condition 
= 10°/16.30), a AC, margin was n o t  required since the controls a re  
not set  a t  the maximum values. 
Tabulations of the maximum trimmable c .g .  locations result ing from the 
modifications tested in th i s  investigation are  presented below. 
8 
c 
Configuration 
I Center of Gravity, % R I 
I Forward Aft 
None (Baseline) I 
i B2 
B4 d 
c3 
! 
! c4 
s1 
s2 
1 
I ! 
I 
i B2 C3 1 B2 S2 
I 
SO removed I __ - - - - -  -- -- -1 
68.0 
67.7 
63.9 
63.5 
1 67.1 
! 
62.9 
' 66.0 
I 61.9 
61.1 1 65.4 
62.8 I 66.9 
61.6 j 65.8 
61.6 1 65.8 
61.4 I 
- __ - 1 _ _  ___ :::; - - - - J  I 
i 
I 
1 
-- 
These resu l t s  indicate th,at a l l  modifications shif ted the trim c.g.  
1ocaZions forward w i t h  the exception of the configuration which had the 
f i l l e t  removed, as expected. The canard trimmer C4 provided the la rges t  
c.g. s h i f t  (2.8 percent of body length) while the f i l l e t  S2 yielded a 2.3 
percent extension. The oversized forebody B4 resulted i n  a s h i f t  of only 
1.0 percent. The forebody B2 which was incorporated on three configura- 
t i o n s ,  produced the smallest average c.g. sh i f t  of 0.4 percent. This small e f fec t  
was due t o  the r e l a t ive  ineffectiveness of  the  canted forebody a t  the higher 
angles of a t tack.  (See f i g .  5 on page 41.) The resu l t s  a lso indicate tha t  
posi t ive s t a t i c  s t a b i l i t y  existed a t  both the forward and a f t  c.g. locations 
f o r  a l l  configurations tes ted.  
axis  on the cm VS C,,, plots for  each t e s t  configuration. 
These resul ts  were determined by rotat ing the 
L 
i n  general, the modified configurations had only small e f f ec t s  on the 
la teral-direct ional  charac te r i s t ics  fo r  a constant c.g. location of  65 
9 
percent of body length. 
ment in directional stability (DCYNDB) as shown in figure 13 on page 97. 
The modified forebody, B4, did exhibit some improve- 
1. Schaefer, William T., Jr.: Characteristics o f  Major Active Wind Tunnels 
at the Langley Research Center. NASA TM X-1130, 1965. 
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I 
TABLE I .-COMPONENT DIMENSIONAL DATA 
COIPONENT- BODY- 626 
GENERAL OESCRIPTION- CONFIGURATION 140A/8 ORBITER FUSELAGE, B26 I S  IDENTICAL 
TO 624 EXCEPT THE UNDER SIDE OF THE FUSELAGE HAS BEEN REFAIREO TO ACCEPT U116. 
MODEL SCALE- 0.010 
ORAVING NUEBERS- SS-AO0147 RELEASE 12, VL7-000143B, VL7-000200, VL7-000205, 
VL7-0060891 VL7-0001451 VL70-000140A, VL70-000140!3. 
TEST IOENTIFICATION- LA47 
FULL SCALE FULL SCALE IODEL SCALE 
IETRIC ENGLISH I E T R I C  
LENGTH OIlL FYD STA XOz235 3284.99 CH. 1293.30 IN. 32.850 CH. * LENGTH IXL  FYD STA XO.238 3277.37 CH. 1290.30 IN. 32.774 CX. 
I A X  VIOTH XO=1528.3 670.56 Ctl. 264.00 IN. 6.706 C l .  
I A X  DEPTH XO-1464 635.00 CH. 250.00 IN. 6.350 Ctl. 
FINENESS RATIO 4.899 4.899 4.899 
MAX CROSS-SECTIOML AREA 31.6689 SQ.1. 340.8800 S0.f T. 31.6689 SfLC?. 
*Vehic le  re ference l e n g t h  (R) i s  measured from the i n n e r  mold l i n e  
o f  XO = 238 which i s  7.62 cm ( f u l l  scale) behind t h e  v e h i c l e  nose. 
IGDEL SCALE 
ENGLISH 
12.933 IN. 
12.903 IN. 
2.640 IN. 
2.500 IN. 
4.899 
4.9087 SO. IN. 
value 
t COYPOSENT- CANOPY- C9 
GENERAL OESCRIPTION- CONFIGURATION 3As CAhOPY USE0 U I T H  FUSELAGE 826. 
MOOEL SCALE- 0.010 
ORAVING NUHBERS- SS-A00147 RELEASE 121 VL70-000143A. 
TEST-IOENT IFICATION- LA47 
FULL SCALE FULL SCALE IOOEL SCALE IODEL SCALE 
METRIC ENGLISH METRIC ENGLISH 
LENGTH X0.434.643 T O  578 364.127 C l .  143.357 IN. 3.641 C l .  1.434 IN. 
M A X  VIDTH X I =  513.127 387.127 CI. 152.412 IN. 3.871 Cl. 1.524 IN. 
M A X  DEPTH X O =  485.0 63.500 Cl. 25.000 IN. .635 Cl. ,250 IN, 
11 
TABLE 1.- Continued 
CORPONENT- BODY FLAP- F10 
GENERAL DESCRIPTIOS- CORFIGURATION l40C BilDY FLAP, HINGELINE LOCATED A T  
XO: 1532. ZO. 287. 
MODEL SCALE- 0.010 
DRAVING NUHBERS- VL10-00014OC~ VL70-355114. 
TEST IDENTIFICATION- LA47 
FULL SCALE FULL SCALE 
IETRIC ENGLISH 
LENGTH XO= 1525.5 T f l  1613 222.250 CH. 87.500 IN. 
I A X  VIDTH A T  L E .  X04525.5 650.241 CH. 256.000 IN. 
I A X  DEPTH X O =  1532 50.287 CH. 19.793 IN. 
AREAS 
I A X  CROSS-SECT A T  HItlGELlNE 3.2693 SQ,H. 35.19;O SQ,FT. 
P I  ANF ORH 12.5420 S0.W. 135.0000 S Q J T .  
BASE AT XO: 1613 .4543 SQ.H. 4.8900 SO.FT. 
nmi SCALE 
IETRIC 
2.223 CH. 
6.502 CH. 
,503 CH. 
3.2690 SQ.CH. 
12.5420 SO.CH. 
,4543 SO.CH. 
COtlPONENT- OHS/RCS FODS- I 7  
CENERAL OESCRIPTIGN- CONFIGURATION l 4 0 A l B  ORBITER OHSIRCS PODS. 
DRAVING NUHBERS- SS-A00147 RELEASE 12, VL70-000145. 
TEST IDENTIFICATION- LA47 
I MODEL SCALE- 0.010 
FULL SCALE FULL SCALE HODEL SCALE 
METRIC ENGLISH IETRIC 
LENGTH OHS FVD STA X0=1233.0 830.582 CH. 327.000 IN. 8.306 CH. 
MAX VIDTH XO: 1450.0 240.030 CH. 94.500 IN. 2.400 CH. 
MAX DEPTH XO: 1493.0 276.861 CH. 109.000 IN. 2.769 CH. 
12 
IOOEL SCALE 
ENGLISH 
,875 IN. 
2.560 IN. 
,198 IN. 
.5068 SQ.IN. 
1.9440 SLIN. 
,0704 SO.IN. 
HODEL SCALE 
ENGLISH 
3.270 IN. 
,945 IN. 
1.090 IN. 
TABLE I . -  Continued 
COMPONENT- Y ING-  V116, MODEL SCALE- 0.010 
GENERAL DESCRIPTION- CONf IGURATION 41 IDENTICAL TO Y114 EXCEPT A IRFOIL  THICKNESS 
TEST IDENTIFICATIO?I -  L A 4 7 9  ORAVING NUIBERS- VL70-000140Ao VL70-00020. 
DIHEDRAL ANGLE I S  ALOFiG TRAILIFiG EOGE OF YIHG. 
TOTAL D A T A  
THEORETICAL PLANFORY AREA 
THEORETICAL SPAN 
ASPECT R A T I O  
RATE OF TAPER 
TAPER R A T I O  
DIHEDRAL ANGLE 
INCIDENCE ANGLE 
AEROOYMHIC T Y  IS1  
LEADING EDGE 
T R A I L I N G  E9GE 
SVEEP-BACK AHGLES 
0.25 ELEIENT LINE 
CHORDS 
THEORETICAL ROOT 
THEORETICAL TIP 
HAC 
FU6 STA OF 0.25 I A C  
Y.P. OF 0.25 HAC 
6.L. OF 0.25 I A C  
EXPOSED D A T A  
THEORETICAL .AREA 
THEORETICAL SPAN BP=lO8 
ASPECT R A T I O  
TAPER R A T I O  
CHORDS 
ROOT BP= IO8 
TIP 1.00 B/2 
HAC 
FUS STA OF 0.25 NAC 
Y.P. OF 0.25 I A C  
6.L. OF 0.25 HAC 
A I i l F O I L  SECTION 
ROOT e12 = 0.125 
TIP E l 2  = 1.0 
LEAOING EOGE CUFF [21  
PLANFORY AREA 
INTEPSECTS FUS WL 0 STA 
INTERSECTS VIhG A T  STA 
FULL SCALE 
249.9102 SQ.1. 
2379.172 CI. 
M E T R I C  
2.265 
1.177 
.200 
3.500 OEG. 
.500 DEG. 
3.000 DEG. 
45.000 DEG. 
35.209 DEG. 
1750.67 CN. 
350.14 CI. 
1206.02 CN. 
2887.55 CI. 
738.07 C l .  
462.61 CI. 
162.7203 SQ.1. 
1830.53 [I. 
.2450 
1427.71 CI. 
350.14 CI. 
997.79 cn. 
3012.40 CI. 
741.52 CI. 
639.50 CI. 
-10.056 DEG. 
2.059 
.113 
,120 
10.5148 SQ.1. 
1270.00 CI. 
2600.97 CI. 
FULL SCALE 
ENGLISH 
2690.0000 SQ.FT. 
936,680 IN. 
2.265 
1.177 
,200 
3.500 OEG. 
,500 DEG. 
3.000 DEG. 
45.000 OEG. 
35.209 DEG, 
689.24 IN. 
137.85 IN. 
474.81 IN. 
1136.83 IN. 
290.58 IN. 
182.13 IN. 
1751.5000 SQ.FT. 
720.68 IN. 
-10.056 D iG.  
2.059 
,2450 
562.09 IN. 
137.85 IN. 
392.83 IN. 
1185.98 IN. 
294.30 IN. 
251.77 IN. 
,113 
I120 
113.1800 SQ.FT. 
500.00 IN. 
1024.00 IN. 
IOOEL SCALE 
I E T R I C  
249.9102 SQ.Cl .  
23.792 CU. 
2.265 
1.177 
,200 
3,500 DEG. 
,500 OEG. 
3.000 DEG. 
45.000 OEG. 
35.209 O i G .  
17.51 CI. 
3.50 Cl. 
12.06 CI. 
28.88 CY. 
7.38 CY. 
4.63 CI. 
162.7203 SO.CH. 
18.31 Cl. 
2.059 
,2450 
14.28 Cl. 
3.50 C I .  
30.12 CI. 
7.48 CH. 
6.39 CI. 
-10.056 OEG. 
9.98 cn. 
,113 
.120 
10.5148 SO.Cl. 
12.70 CY. 
26.01 CI. 
IOOEL SCALE 
ENGLISH 
38.7360 SO. IN. 
9.367 IN. 
2.265 
1.177 
,200 
3.500 DEG. 
,500 OEG. 
3.000 DEG. 
45.000 OEG. 
35.209 DEG. 
6.89 IN. 
1.38 IN. 
4.75 IN. 
11.37 IN. 
2.91 IN. 
1.82 IN. 
25.2216 SO. IN. 
7.21 IN. 
2.059 
,2450 
5.62 IN. 
1.36 IN. 
3.93 IN. 
11.86 IN. 
2.94 IN. 
2.52 IN. 
-10.056 DEG. 
,113 
,120 
1.6298 SO. IN. 
5.00 IN. 
10.24 IN. 
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TABLE I . -  Continued 
CORPONENT- ELEVON- E26 
GENERAL OESCRIPTION- CONFIGURATION 140A/B ORBITER ELEVOKSs D A T A  I S  FOR ONE SIDE. 
HODEL SCALE- 0.010 
ORAVING CUFIBERS- VL70-0002OOs VL70-006089s VL70-006092. 
TEST IDENTIFICATION- LA47 
AREA 
EOUIVALEM SPAN 
INBOARD EQUIVALENT CHORD 
OUTBOARD EQUIVALENT C ; i O W  
RATIO ROYISLE SURFACE CHORD/ 
TOTAL SURFACE CHORD 
A T  INBOARD EQUIVALENT CHOJD 
A T  OUTBOARD EQUIVALENT CHORD 
LEADING EDGE 
TAILING EDGE 
HINGELINE 
AREA MOtlENT 
PRODUCT OF AREA AND ftAC 
HEAN AERODYNAtlIC C H O X I  
SYEEP-BACK ANGLES 
FULL SCALE 
HETRIC 
19.5097 SO.!. 
886.97 Ctl. 
299.72 Cfl. 
140.188 Cfl. 
.2096 
,4004 
.OOO OEG. 
,000 OEG. 
44.9462 CU.1. 
230.38 Ctl. 
-10.056 OEG. 
14 
FULL SCALE 
ENGLISH 
210.0000 SQ.FT. 
349.20 IN. 
118.00 IN. 
55.192 IN. 
,2096 
,4004 
,000 OEG. 
,000 OEG. 
1587.2500 CU.CT. 
90.70 iFi. 
-10.956 OEG. 
IOilEL SCALE 
HETRIC 
19.5097 SO.CN. 
8.87 CM. 
3.00 Cfl. 
1.402 Ctl. 
,2096 
,4004 
,000 CEG. 
,000 OEG. 
44.9462 CU.CM. 
2.30 Cfl. 
-10.056 D i G .  
IOOEL SCALE 
ENGL ISH 
3.0240 SO. IN. 
3.49 IN. 
1.18 IN. 
,552  IN. 
,2096 
,4004 
,000 DEG. 
,OOC OEG. 
2.7428 CU. I N .  
.91 IN. 
-10.056 OEG. 
. 
c 
TABLE I . -  Continued 
COHPONENT- VERTICAL TAIL- V8 
GENERAL DESCRIPTION- CONFIG9RATION 140C ORaITER VERTICAL T A I L ,  IOENTICAL T O  
HODEL SCALE- 0.010 
CONFIGURATION 140A/B VERTICAL TAIL .  
DRAY I N G  NUflBERS- VL7O- 0 0 0 1 4 0 C 9  VL70-000!469.  
TEST I O E N T I F I C A T I O N -  LA47 
THEORETICAL AREA 
THEORETICAL SPAN 
ASPECT RATIO 
RATE Oi TAPER 
TAPER RATIO 
SVEEP-BACK ANGLES 
LEADING EDGE 
T R A I L I N G  EDGE 
0.25 ELEHENT L I N E  
THEORETICAL ROOT 
THEORETICAL T I P  
HAC 
FUS STA OF 0.25 lAC 
U.0. OF 0.25 HAC 
B.L. OF 0.25 HAC 
LEADING VEOGE ANGLE 
T R A I L I N G  VEOGE ANGLE 
LEADING EDGE RADIUS 
CHORDS 
A I R F O I L  SECTION 
VOID AREA 
BLANKETED AREA 
FULL  SCALE 
HETRIC 
38.3926 SQ.fl, 
801.93 CH. 
1.675 
,507 
.404 
45.0C OEG. 
26.25 OEG. 
41.13 DEG. 
681.99 Cfl. 
275.51 CH. 
507.52 CH. 
3716.92 Cfl. 
1614.22 Cfl. 
.OO CH. 
10.00 OEG. 
14.92 OEG. 
5.08 CH. 
1.2235 SQ.!. 
,0000 SQ.H. 
FULL SCALE 
ENGLISH 
413.2530 SQ.FT. 
315.72 IN.  
1.675 
,507 
,404 
45.00 OEG. 
26.25 OEG. 
41.13 DEG. 
268.50 IN. 
108.47 IN. 
195.81 IN. 
1463.35 IN. 
635.52 IN. 
.OO IN. 
10.00 OEG. 
14.92 OEG. 
2.00 IN. 
13.1700 SQ.FT. 
,0000 SQ.FT. 
flODEL SCALE 
HETRIC 
38.3926 SO.CH. 
8.02 CH. 
1.675 
.507 
,404 
45.00 OEG. 
26.25 OEG. 
41.13 OEG. 
6.82 CH. 
2.76 Cfl. 
5.08 Cl. 
37.17 Cl. 
16.14 CH. 
.oo cn. 
10.00 OEG. 
14.92 DEG. 
.05 CH. 
1.2235 SQ.CH. 
.OOOO SQ.Cfl. 
HOOEL SCALE 
ENGLISH 
5.9508 SO. IN .  
3.16 IN.  
1.675 
.507 
,404 
45.00 OEG. 
26.25 DiG.  
41.13 DEG. 
2.69 IN. 
1.08 IN.  
2.00 IN .  
14.63 IN.  
6.36 IN .  
.OO IN. 
10.00 DEG. 
14.92 DEG. 
.02 IN. 
,1896 SQ.IN. 
.OOOO SQ.IN. 
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TABLE I .- Concluded 
CORPONENT- RUDDER- R5 
GENERAL DESCRIPTION- CONFIGURATION 140C ORBITER RUDDER, 
RODEL SCALE- 0.010 
DRAYING NUMERS- VL70-000146B* VL70-000095. 
TEST IOENTIF ICATION- LA47 
IDENTICAL TO THE 
CONFIGURATION 140A/B RUDDER. 
AREA 
EQUIVALENT SPAN 
INBOARD EQUIVALENT CHi??D 
OUTBOARD EQUIVALENT CH020 
R A T I O  flOVABLE SURFACE CHORD/ 
TOTAL SURFACE CHO2D 
AT INBOARD EQUIVALENT CHORD 
AT OUTBOARD EQUIVALENT CHORD 
TAILILG EDGE 
HINGELINE 
A R E A  flOIENT 
PROOUCT OF AR E A  AND HAC 
IEAN AEROOYNA!IIC CHORD 
SYEEP-BACK ANGLES 
I 
FULL SCALE 
METRIC 
9.304 SQ.1. 
510.54 Cfl. 
232.626 CY. 
129.116 CH. 
,400 
,400 
26.25 OEG. 
34.83 OEG. 
17.2994 iU.H. 
185.93 Cfl, 
FULL SCALE 
ENGLISH 
100.150 SQ.FT. 
201.00 IN. 
91.585 IN. 
50.833 IN. 
,400 
.400 
26.25 DEG. 
34.83 OEG. 
610.9200 CU.FT. 
73.20 IN. 
MODEL SCALE 
HETRIC 
,0009 SQ.H. 
5.11 CY. 
2.326 CH. 
1.291 CY. 
.400 
,400 
26.25 DEG. 
34.83 DEG. 
17.2994 CU.Cfl. 
1.86 CY. 
YOOEL SCALE 
ENGL ISH 
.OlOO S0.FT. 
2.01 IN. 
.916 IN. 
.51?8 IN. 
,400 
,400 
26.25 DEG. 
34.83 DEG. 
I. 0557 CU. Ih. 
.73 IN. 
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APPEND1 X 
TABULATED SOURCE DATA 
(Note: Run number sequence follows schedule l i s t ed  in TABLE 11.) 
Plot ted  d a t a  tabulations are  
a’vailable from DMS on request. 
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